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ENHANCING PERCEPTUAL PERFORMANCE OF HIGH FREQUENCY 
RECONSTRUCTION CODING METHODS BY ADAPTIVE FILTERING 

TECHNICAL HELD 

<5 The proem invention reit>r-a to sudlo toaxc coding ryrtora uhtfsmg H&h frequency feeoortrotAion 
(HTR) such a* Spectn! B«d RepboHiw, 5BR (WO 9&/57434] or rtlttcd method*. II taprows 
pcrfwrimcc af bigb c^abJy xixllods (SBRX ** «U w quality methods [US. Pit 5,127,054). II 
It tpplkabte to both speech coding and Mtunl oudb coding system*. 

10 BACKGROUND OP THE INVENTION 

fci bi^fi Craqucocy iccoistrocrtioa of audio rigaa.'*, whao b W|J&snd {5 cxtnpabtoj from 1 knrtwnd, 
KJjtnipcrumiobareriK?its tocprtn^fhelwul coaxJoooaatsoItbcrecoutaocSed Hghbaad to a 
greater extant tfcsa whst cm 60 acbicTcd with ■ ccqjsv <xrvc lope td/u> u/ynt, u oomoosly isod to 
EFR cystoma. This fa occeuuy shx» Us toosj coaipoo«ta foe rawt iu£o si pah whas voters *od 

15 a»rtiicou«Uetn9<r\Bnmti,w»ny aro stronger in tfo towf^eoeyr«#>>cifl(L«.b«hw*-SiHx) 

soapaied to the high tvpancy legwm. Ad cxtreawcxuqpkbtvcsypnBoir^kmix^iaKcsb 
tbotowband wvJ moro or tew j«x rtoiso to the hi^i bv*J- Oce w%j to approach thit is by adding 
seise udaptivriy to the recoastnxfcd highland (Adaptive Note Addiliod (PCXfSEoOW15S]> 
However, foil U toodhnu not enough to wprrecs On Ujaal character of the tarbend, ffivtag (bo 

» itccnrtnKted bisbbsnd * repehtjTe *t»or/* sound chirtox Furthermore-, it can be difficult lo 

wMovc tho corrccl traponl chirecCmjdc* of the ooise. Another problem occur* when t\ro harmonfo 
series am mixed, one with high fwraoofa density fjkw ptah) end the other with tow hanra^ density 
(high pitch). )f toe b'jh-pjfcchcd hwmoaic series dorntotics over toe otJw in too kvrbrod hot not fa 
(ho b^bux^(beHFRc«3^tbohxnixsiJcsof(bo higb^tcbcdrfgnal to doadntfetheWghbaml, 

25 caking <he rtccostrvctod bighbind eouod "mettJbc" compared to ton crigtoil Nor» of the iboye- 
deacribod scenarios can bo cootroUed vjiogdjc envelope adjustooeal eosanooJy used to HTR ryrtcms. 
In ronw Irnpl Witotetioai 1 contort degroo of spectni vhrtajfcg is lataxhxed during the spectral 
<n\tfope adjustment of the HFR cijrul. This give* wdsfhetory rem to when tost pard'wdw degree of 
spectnt whitening is decked, but inbodoces «ewre artifact* for signal estcapts that do not benefit 

30 fro33 thai parb'Rilw drgrce of spetbaJ vhjtntiQg. 

SUMMARY OP THE INVENTION 

The present biveodon rthSa to tbo problem of "boxnnexr and -metaJlk^^oujidthat U eonanoaJy 
htioduced in HFR-rotSod* Q uses t sapfcirtkatod dctcotta nljtarithro on ft« earcdo ndo to 
Wtiaatc tba pr cferaWB tnvcitt of specUl MHtotog lo bo *ppl{«d h deeoda. The s?>eot»i 
whittsifci* nrfes over tone is veil as arer fioquenoy, ecswing (he best rasacs to ccabol tbebirroonio 
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eociecfe of (hor*p}ic*.tsd hi^itod-Thopr^c^ h\r^^ t«bc tamcdool in t thno-docrafa 
in^kaawka a n*U as in a tvbbeod Gtorbat* hnplorerrfuka 

Tt» pre*mt ferirnlicCT oaxcprUw the fedbmng fc*tore»; 
5 ta the OTCoia-, esticrcrtfag th* toual db=r»cter o f crignuJ xJgpal fcx i£ EfrrerU frtqueccy icgJon* 

it a gfwaj tnDO. 

- la the eocodcr, cxtr oatiu^ the required irooucl of fpcctnl whitening, far dtfFcrcrt frequency 
resign* aU gfvea Umo, lo order to obtain a ataxia torolcbanute alter HFR to to deender. given 
the KFRmctbod &5*J in (he decoder. 

10 . TVamnaltiaa the information en preferred dqsn* of ipectal wtutajfag from Qv encode to the 
decocier. 

• b (he decoder, perform epectnl whitening fa either the lime doma to or fa a Cibbujd fiXohsnk, ia 
accordance wkh the Mentation tacanrfBtd fan Ike (Boeder, 

• Tbo tdiprtvo /Iter teed for »pockr»l wfdttobj ia Ibo dewier it obUfa<d ojfag ILdc^t prcikfioa, 
IS - The degree ©frpectral wtttaing rcqocred u assessed fa the encoder by rceana of prtdictico. 

• Tbsde^c>ftp<c^whkcrtcisn cooJnjycdby vwy^thc predlctw wda.or by varying (he 
bandwidth expansion feeler of the LFC pOtirDtaniiJ, cc by ofxia* fhc fikcred tignU, to » p\xo 
extort, with the \mpcwe**ed (Wtopirt, 

- Tho abflity to 8» a cubbtnd fflterbaoi: *cbirTTns low-ordV predictor*, offcri -my efftctivo 
20 faTplcmcnUikn, eapedrih/ fa a system where: * fiJtorbank: aheady ia 0 ccd for eoTxlop© 

ftdjjOtRKOi 

- Frequency Kl^cti^* degree of spectnJ ofbitafag i» emty obtained gfven tha-Dovd fiTDerbanlr. 
bnptcracntaticn of the pecrcot ixrentioQ. 

35 JSRJKT DESCKIFHON OF THE DRAWINGS 

Tbo pre*™ t invention wQI now be described by way of Oiustntiro eusnpfe*, «* Inrtiting the wopc or 

spirit of the faveotiou. vrfth rc&rcosc lo the acoonfnysig fairing in whfcfc 

fig. 1 flhwtwiea bandwidth ejepennw of an UPC tpeo tt g m; 

Fig. 2 flJusOatea the abeohito spectrum of so crigirwi lignaJ tttinjo ^ , rodttaic /, ; 
30 Fig. 3 flhitfraJatheabeohdeq^actnonoffo 

HFR jyatem wiOioot adaptive filtering 

Fig. 4 iHurtreJea the- absohdo speefewn of the output, rt tine ^aad time /, , of a copy vp HFR ayrtao 
vfth adaptive fiTtofag, tcecrdfag to flw preum favcatkn; 
Fig. Jo IQojtntw a voriX. co*e eooordfag to Old pitta* favecbon; 
35 H$-5b iUut*»fe* tha sutocorrelation ftx tho Mghbcad and iotvhexvi of the wont cue n> al; 
fit 3c iCu£tr*te3 the totuJ to do:'« trtio q for difemi fosjuccocs, &cconiin| to tha px*?nt 
invention; 

Fig. 6 fflustrrtoa a time (Jotnafa implctncotatioo of the adaptive filtmog in the decoder, aocerdkg to 
tbe poesnt invention; 

40 fig. 7 illurtri'^j a jubbmd ffltcrbani fanpktaiQUtloa of ihe adaptive filtering in (ho decoder, 
according to the preeeot bmstiooj 
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$ ahstrett* m encoder taptemoitaiion of the present mvooiioa; 
F%. 9 nbstrafc* * decoder fnjpiecxntaioo of fr* presapt bvrentioa 

DESCRIPTION OF PREFERRED EMBODIMENTS 
5 IT* tx^4oaft*sJ cznbodixncots «re marly im»Cnttvc foe the principles oflbe prcsect favtclioo 
fa faopeovtgwrt Qfhtlb frcqoeacy recoortroctfw system. It bHadccrtoodthitinoe tt w t fan * mS 
VKttli oai of the aT*n£oixots 2nd (he dctiili dttenbod ba e£r> wfflbe ftppxroei to <*hcrt dolled in fl» 
«rL [i U Cv» foJect, tberc&r*,, to bo limited only by tbc eeopo of 0» frcpendina patent cHuta tnd not 
by tbo rpcciftc d^triJ? proofed \>yv;*y crfdeaa-fptioa tad ©cpUuatiaa of U>c mjbo&Mcte barb. 

10 

When cdjmtiat; » fpectnl cantopo of* rigoal to » fhea rpcctnl eoreJcpc s certuauaouatef 
tpectrtl *ttt»k$ it ahnyt tppXod. Tfcie, stow If tb* ton*mJtted come <j*ctral tordopc it 
described by B^^f ( l) ind the tpectenl eavekjpeof tbc wrteiiiftgiBt tegmeut ii described by 
tf«o, CO. ** Wtrftmrtfan applied is 



3a tie peewit invention the frequency cctfolttfante/^^^iiBotiieecearily tennMMfer 
" mew (*) • The invention us* adaptive frtqi«ocy moturk* of H vr<x (*) fw cmetopc 
*dj [ostmenl of BI'R ((puis. The rfgcaJ wpaeot i* fQtrnd with tbo invww of Jf ^ (i)vbi onto to 
W tpcctndly vrtrteathccpoJ vccnSngtoBq. 1 . If //^^ ( j) fiobtol^ uiizjff llowprcdicticc, h • 
csnbo described tofcording to 

25 h flic pob/nwohl obtewi urfi^ d»*u^orrt>i^ iwibodoe ft< ct)wtaj^ mc«wd(l>igiul 

Proccaifpfl of Speed) Signils, Rabowr & Scbafcr, IVcnCttc Hall, Inc^ En$]rmx>d Cfflk, Near Jmcy 
07632, ISBN 0-1 3 413603-1, Chapter 8}> and 0 \s ths pdn. Gi«n tbU, the depeeof apectnl 
irtnJcoinj c«j be ccc&oUcd by vtQ-iog tbd proikeor crdor, Le- traiting <hr order of (be pofynoinhJ 
/t (t) , «td Oxa Itrrctag fee- amwnt of fine rtrLctor (hat ao dtsc7Tb*d by (z) , or by 

30 ipplyin8 * baadwidOv etpaaiioa factor to tbo poljuocdi! ^{«).Th6badw^«Jtpatujonisdo£oed 
according to lbs follo-wfe^ if the OMdwrfddl fcjpejuioci hctor Jj /3 , <hc potytieay'al A(t) crifoaloto 
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Thfa expand* tf» bmcMdto of too foncETta esfcxatod by /f^^., (i) eccenfria to Kg. I. Tb© 
mTOsc Cher a giro tone i» On*, aocotdtoj to Q» proat mycotic*, described w 



o - « 

where- /?U toepreoV,** order trtp U d» baaJwidto cxpastfoa factor. 

s 

TT» coefficients of| can, ts meottoDcd efaorc, bo oi htiiE c d in dLfferccifisnocn, eg. to* 
auiocarreMca method or ihc ooTidrooo jaciboi TU gib ftotor <7 een be *ex to one if ^ U wed 
prt«toiregolwecTdopead>,ato^ 

estmato fa order to epswo stabiltty of toe ijaton. When using iheaiitcccwIiticntDtfbodCdito 
10 w*ay aeccoopHibed by ofl&ettinj th* wto-taj value of Ox comirtwo Ywtor. Thii l> «jutv»lo>t to 
*ddhko of wbrtc ooise it i cxoctaH Wvel to fix ligoU used to wtkrute (j) . Tbi pjnmrtcrs 
p anJ p tst calculated baaed on Wbrtwijori tranmrted fton fte eccoder. 

An akernallvo to baad*1dih expansion fa described by; 

«twrt 0 1 1 the Mending /ector. yicjdi the ftdaotive Wtoraecordagto: 



"„.(',*»>» ^ (7) 

Hew it tt ortdeol *tt for * » 1 Eq. 7 evaluates to 5 vtihp « I . and Cnb ~ 0 Bq. 7 evaluate* to a 
cofutmt neo-frevfoeocy (elective gain fictur. 

The presort immtka drwti colly Increase* too perfennwe ofHFR systems, it a very km add-on*! 
Ktnit ^shectoetofaroaticoctttlw 

tnmwttcd wry efficieafly. Fig. 2 • 4 dirpUyi the pcrfonnaocc of a systera irflh tt» proetil mvcatioa 
ooaipupd to ■ rystcnj witoout.by mew of fllwtntivo abtahrto apectm. la Fig. 2 absolute «j<ctr» of 
toe eri^toal tigoaltttbxe *o and dew /, tro displayed, it b evident (bat &e toaii cbancter for the 
lo^vbrodcrodthe b'ghbaodof toerispal h riir,i]tri4 time ^, wMo Cbcy differ rfgfti/Hectly it titno 
h Fig. 3 ft* outpaj at lime f D «ndtin*/j of a system otkg a fcopy-op baled ]{TR witoout toe present 
mvtrftoo arc displayed. Here, do apoctra] whitening b applied giving toe correct local character tl 
tbr» «o , but entirely *nmg at tone /, . Ill* cansea ve^n^^u€ftd9.5tatoi<^ttimiUbe 
obufeod for toy eocatwt degree- of apeelraJ whitening, ilbejl toe artifacts would have differ «jt 
cbn^fcn Kid ocpir ai differeot taKancca. to FI^ < tfae ooipd at Hxne Coacddmo f, of a lyrteuj unog 
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ihe pretcz* fematioo we <S*pU>t4. Htreftiioidcoi thit fi» tmowl ofapetfral vhfeeoing wie* over 
ftme, vtdoh rescltj to a tqu&d quitrty &T wpertaf to that of J lyitera without Cbo prtatcl invention. 

1T» detector m (bo enoodct ride 
5 fa Ibejreaeid ejection, a detector « tbo cr*»dex-eid« U v*cd to ictcss the bc*t decree of spectral 
wWttiunj (LPC order, bandwidth expaatoa factor and/ar bktdfag fetor) to teiawd fad* decoder, 
fa order to pttns • Mghhmd is dmflw to (be orjgjnil u possibly gfwadwcQmst^ toed BFR 
toecfaod. Several appro* the* ceo bo osed fa order (9 obtain a prof^eftoratooftbe degr»of«r*^l 
t-iuixntog to be mod b decoder, h tbc fu&™ias <k*«ip(iaQ bdarr, 2 b> mwd fiat the HTR 

10 algorttzmdoej roc pubttantiaDy alk* the ton»J rtruo^ ofi^lowt^ «pcctwm<fcrtEgfi»o 
jcwnOkacfMjb fiequencfoe. Le, the gtoaited Mghbrad hu the lame totaJ ebarvctor a* (be 
totfeal If tueh araanptiori* cannot be cade flbe b daw detection can bo parfoaned orinj »3 enaJysii 
bysyathefh, Le. perfontoiig nFKon the origiud tfgswl to (be encoder and do tig cwrptratke (tody 
00 (be. highbada of tha two signals, ra(her duo doing a crapCTtfrestotyoatbelowbaodaod 

15 Hjhitodcf tbc original dgnij. 

One cppcoKho9C9 autocorrelation to wtioalc (be ipprcvrfeto ameont of spectral wbftadnff. The 
def»tr otiimtM tho ti^cccmXali^ 

wHth Die HTR wflJ bo baaed in (be decoder) cod (be target ro«e (Ia, (be:fre^yoncy range tobe 
20 ltca«rtwwtcd faU»dtoodg).Ift Fig 5 a, a voce* cue d got) U described, with a henrionto Krixa to 
k^tood red. wfcjta noiac la (he Mghbeod Tba different «stocofreJ«iion ftcelloM sre displayed in 
Fig 5b. Here tils evident tfcrt the kmband t» toghjy correlated whilst tbsbJgfchandi* wl Tbo 
dcdmtim oGrreJatioo, for any hf brger than a mtmi/win tig, if obtairxdlbr both OwKghbaod and 
(fce lowbeod. the quotient of the two Is used to calculate cptxroal degree of spectral wbifcaing to 
25 be tp?bcd w 6Sa decoder. Wheo rropteifcmtijg (be pccscol lavejition «4 omlbod above, it may be 
preferable to use sTTs for the cotuwtatfaa of (he oarreletioci. Tb* tutocccrtlxtfon of t tetrotoce 
defined by; 



Since tbo objective Is to compart the dxScrenoc r/di»f4tocorreUtfosto&iebJ|hb«odaad(he 
towbarritbofttecinjcaobecWto 



where 




>kc (*) sod are- th* Focikx tmuforntf of tbn Ii> If? fikm ta^ulse rt-tpoav.v 
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Rrom tho »bovo citoscookdoo ftnaAioa ft* the lovbitd «od U^hbuxi ma be cajcal»ted 
•coccdisj (oc 



<*(»>)■■ «r'(M*f) 



TIm nnlauxQ \ihj$, for * I if leper Cb*a i nrfnbxnxix 1 15, for <*ch tuSeoonelt&si rector It 
5 caJwtiitafc 



Tbc quott of th» tFO e« bo used to for fartuwc nup to « wfttb!* btnfrrfcbhcxjxiulrofitctor. 

The tbovc tapHtt (bat (l trouW bo benefictd lo usco « gcscrtl naeoiurettientoftbapfeiiktobiUty, 
10 IaOjovooa) towxianiioaf iMgnal teaghtai ftcqocxybataltt Agf>xa time, to*cdcr taobtiin« ■. 
ooowt invoj m filteriaj levtl for • ttvtn £rcqvxooyb*odfti • £tv*fc tuno. TMt cm bo tMotnptiibod 
uiiaj tho more refined approach befow. Here & subbed fiterbinl Is assumed, it {» w<dl coJoTtood • 
bower th»* tbe invtcBoa it not limited to #udv 

IS A tonal to noise ntio 9 foro*cb«iibbaodof* fikc b*nkc«j bo defined by \^j]tc«r prcdtakinoo ' 
blocks of sqbbard s«rf>W. A Urgo rahse of q trdiwte* a Urjt amoort of taultty, >*Weo» a rojafl • 
vshc of q iaiiexm (hat <he ri^nal i» rwUcKb; it the corrcspood\nj location fn tfnx aod froqoencj. ' 
Tbc q -value «a bo obtained urtnjj both tbe cov»o«3co method and tf» autoooatltfion mrlbcd, 

20 For tho oortriiODc rocCiod, tbc linear pmbctioo ooefficftpU and tbc prediction mu for (bo KJbbood 
ogcal bk^c [x(0), x(t) *(A r ~l)] c » n Mnpd^ « ftW^tfy by wing (be Cbotwiy 
decoarpositian, [Digital Ptuccssbi^of Speech Sirrah, Rabtnrr A Sob* ftr, Fmjtiee Hafl. L>c, 
Katf ewood CHO*, New J«wy 07652. ISBN (M3-21360M , Oust** 8 J. The tonal to eotst ratio q U 
thso defined by 




75 




Foe tbc KdxorrcUtioa method, a raorcBifcvBl approach U to «»e the LcviDsoo-Ehobta algorithm, 
30 (DfjitaJ Signal Prooorins, Prr«ip!««, Aljoriihm* wd AfipUoatiwa, Third Bditfoo, loho a PiOtkfi, 
Dhnitri* Q. MooiaJcU, Prentice RtU, feleroatiooal EdiSru, tSBN-0-U-39«3*-9, Orptsr 1 1] wbero 
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* U tbcn defined sooordmg to 

«=(ft(>-W)f->. ««> 

«bora K", *ra tb* reffcctioa ooof5cianti o f (be cxjrrwposdbi hake fito Sfructara obtoined from Ae 
pedbtini pob/ootuhJ, toAp it tbo protfetox order. 

5 

T>o ratio between btfJband md towtosnd vajuoj of q it ttej ased to NJjuit (bo degree of spectral 
vtrittcfaj cucb that (ho Vx»l k> ncdse ntto of (bo rPWWUocied U^itesd approacbe* thxt oftho 
wirfnal b'fhbend Hera ft U t,dVenti$eouj to oentoot the <3t&m of wbitccfaf utilisfag Q» Vkndjny . 

10 

Attooifot^ toial to note raliof =.q u brasarrdbfteHgfcbiiidftnd ? = 9t bax^ucd 
fa (be Jowtnnd, * cjufabb choice of wtteab* &3cr * b j^caVy CbeJerasub 

To see this, e Best step U to tewrfte Bj. 6 b the fenn 

ThbdKrntetif(heiigQiluscaioeitima»e Is ffiteredttrlth Vte fiHu ^(r), tho predicted . 
B^*lis«fprt*sodby0»&a»&ctor ]-£ «xJ (be pred>c<ioa error is unaltered. As (bo total to ootse . 
rUto fc (bo r*tw of roesn squared prodkfeo* rijntl to n>wii wjwed prefiction error, ft v*h» of q priw 
to fiherirvi i» chin^od to (l ~ 6)' <7 by 6* filtering oporaikn. Afpb/taxfcis tofi» lowbsiddpuJ 
10 proA»cci « sUo*l with ton*] to nouentio (l -b)* q L end under Uw ssrucrapticci Oat CbesppiW HPS. 
snedvoddoes not »her tonality, the Urge* vifue fybtbeMgtt^ breached CAecth/tf ft is chosen 
eacordtog to Eq. 15, 

Tb« vifceaof q bved oo prediction oidW /7 »2 ta eathrjbtatfof • 64 cturoc) filter bank are 
25 depicted bFb. 5^ fbc the sieral of Fis.5%. $jjnffic«(fyhl^^ue»eterw6hedfb , (heb»roooio 
pet of Oto ri#u) than fw iho noiry pert The variability ottbccclaalti to the hsrmocK put h di» to 
the chosen fteyeocy ratobtbo ipdpu dfc ttoo offer, 



» TUidaptrvoSterfcib the decoder eta be dc^ 

tie ffltcnng i* performed prior to the IffH, ft needs to ccroidet the ebmctobtici ofthe ({FRmotftod 
used. Wbaj e froqpctjcy selective trfiptivo Otedng v» performed, (to system must dedac* from whit 
towbend rajtoa » certdn WgbHnd ragioo will crigjoito, fa «de/ to ippry 0» c<mct loxxml of 
<pcctral whitening to (bet lowbmd re$fon, prior to the HPJ.^Dit b the c wunpie below, of e time 
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terrain tapjerneotiiicc of (he ccrrtnt in\xn£ioo, l non-finpieaey tdectrvx adaptive tpectnJ whitening 
to) ottlioed. It dxflM te obvtoot to roy person rkfikd m (ho tit tbet tftoe-donsdii ImplcmenUtf ow of 
(he ft c$cni frvnid<» ts cot limited to the tapkroccatka iic*cr£bcd below. 

5 Wbcn pcrfcnrdDj (ho tirpdm filterbg io tV tin* daa*s\. Ie*ai prr>6ctkn tning che evtoconxfatioa 
method if preferred The cotoconvUtica mrfbod tequves wadarfagoflbe sspat sepnent med to 
esSrroie coefficients a 4 , which ij oo( the ow tor the conrixneo metbod. The filter used for tha 
ipectrtl wKtCrrinf i ooocdiag to the jveeeat toveniica fa 

10 Trfcau dwph f>ctar O (b E<j- 5) 1 1 srt'lo too. When d» *daptfn> ■portii ^biteiuil ii performed 
prior the KFR irdt, *o effectrro bupJauentatioa fa icHcred sfecc Ibe ed*ptf>e 6Krr cm cpereie. on . 
i tower eiirpibig nc& The krsrbxnd dgrul i% wittkwtd end filtered aa t suitable tfane beeo vftb (be 
prc<fiotor order «tf bandwidth expandoo frctort gtrw by the encoder, tcccedhis to fig. 6- btbe 
annul {nTpkancctitioQ of tbo fteeent ftiwntioo (ho signal fa lew put Hirrtd 601 ir>d decimated 602, 

I) 603 QfaabtSe- (ho edipdve filter, A window 606 fa ueed to tdect d» proper tlxuc fCjmcRt ibe 

ertbmtktt oftbo /(j) polynoodal, 5»t orerltplr wed TbeLTC-rwrtioc 607 exJreote given 
0» currently preferred LPOordcr and baadwfcfcfa eaxjuuion feocot, vrflh « niUblo rehuitkxi. 
6Htr 608 fa used to jdaptiTtly filter the rijzul jt^mcai. Tbo rpectraJly whittled agnil »egmtot* en> 
ipsxsapJcd 604, GQS tnd wfodowed together {arming (be trtp d figi^ to (be HFR torfL 

30 

Adtnrivg IfC^d vhi.'toiny e luhhwyt fitter btnk 

Ibe ediptive filtering cw be pcrforced cfiTcctiN-eJy md robsstly by u»iog a filter birJc The linear 
prediction tnd (he fiUcring wo doos bxfcpeojdeotty for etch of tbo nft&md sipulk prodtjood by "the 
filter benk. It Ij idrnet^oot to use • Qterbtnk where tbeeUUcttnprnentfoftbewibbaodtipuJj 
1$ ire «upprt4<ed. TW» cm beftcMeved by pverwunprwjihe EBabink ArtiftetJ d» to ftKubig 
eirtcrf uig tjoca fadepeodeot tnodificetkais of the cubbend rigBeis, wbkfa foe ouople adepctv^) 
filterios rewRs ia, can (to be havfty reAic^ 

<^bodoed Arough ltce*r pwdietioa iroXjgou* ro the tfme domarnmodiod deeenbed »bove. U Tie 
pjb6md ilpwJ » fir. ccmpVx cc«ry!<^ fij tee eeeftlcicflti tie. used frrtbolfaicarpfipdiatronM 

30 vtJI u foe vV fiJotrtDX- The cai« of (he lin«x pmtcCioo « a bo Vxpt v<r>' lov iinco fra expected 
Hurobcr of local corapoaeati faeeeb fie^ieecy b*r*iU very mdl for e lystem with e reawaable 
znvxuU gf 5:icrt«ni chin^cU. fa cnSa to oom^paad lo tie yrrc tci£ « (be tunc dorrah LK; 
thcrwwbct of cubband temples In each bJock Is RatUexby • fitter ecpal to (bedowsieaptbitoifltB 
filer bank. Ohm the Vow filter order and coall block, fixes the predfedoo Qtcr eoe Cfl cfenti ire 

3J rTcferohb 1 obtwncd mini <h* conHtiKt mKhod. Pdttr cocBkW^ cjkulation *nd jpectnl wWl wba 
oils be perfbmed oo • bloci by block basij xsthg wj4>W1 wxrplo timo ttop I , iwhlch ii urmJlcr thin 
&e blookteojOi /Y. The specinfly whiteeed bhxlc* cheoU bo edded tojefter wbn »p?ropriite 
ryrribeeUMedowtng, 
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proi^«W»zodi^bwithvt^ojp<K^dcoaly < Fccdi^tacrTOTW^edfDtrrt^vllhwbita 
oo!» gfcw suHwod rigtuU *itb cofcwed spectral daul ly.T&U&ft to teeftbete of to frequency 
5 f»poc*43 of tbo eruUyo'i fitter* Tho LTC predictor fa tho fiJtobcni chznocis wiTI trick ibo fUta 
cheadcririct b Che c**o of aoiso-Qto taf*< fipoU. TTrii U m uawwced fa tire, tad hcnoOte froco 
eegpc&aftm. A powfrk cofatwo U pro-filtcrcoxcf the input rigpab to (ho Hneg pi cdictaii. Tho pio- 
fiXoric* rtxr«ild bo M inverse, or m ipjroumatioa of the fcreno, of Che cmJ)ij» filter, to order to 

POTpeOlitefOTthcfrcO^XX^J^^ 

10 prigloil rubbtnd iljtaU, V deocrihed tbove, Fifr 7 fth>fliaics (ho*hboed2$pn>»Ji of » «ubb*nd 
djul. The fubbeod dgntJ corn cpwv&jj to claored /Ufsdtotb»fre-6]t*riBgblock70l,«Jvl 
subtce^erth; to * detay.cteb whew tbt depth of tteeamooepeodionlfc© filter oitJ<y792. , n» 
dejiyed risruU cid Cbesr ccidugttc* 703 ee fed to (he ltocsr prediction blcck 70<, vtero &c 
ooefficiarts en cslwUled lbs coefficieQiJ firm evay kflj c*JciriAtion art krpt by the cremator 

IS 10* The rJbbwrf ritiuU *ro finely miered through tho SKAbtod 706, *b*re tbe pelleted 
eoefliehntf m wed oid spdsfed for every Lrtb nn^to. 

Tbo pcoseol inTcodoo qui b« iinplavea^ 

20 ^tkn^ »toct^ cr tirosniicriw 

Ftg. 9 tbows b potabJc fanplanentiticn of tbepreseat kntricka. ii Kg S tho cnooda side Is rfispUvtd. 
Tho unlapie input rijenal ifl fed to (ho A/D converter 801, m4 to m iTbitmy tudto coder, 802, u *xJ{ 
u (he tnrtro filtrciaj level cftrmitfon tcJt 803, etd bu eovcJopo ejdrtcttcrt colt 804. Tho coded 
inforuattoa U tnutejrfewd iato « Krfal bfttraup, 805, ftnd trtAHrttlod or Herod. In Ft$. 9 8 t>pk*l 

25 decoder iraplccxarfidon il displiyed. Tho «rid Utstrcira li dsKanJtipkxcd, 901, tai fce envelope 
fct»ltc1ccoded.»l 1 l*ibojpe*^ 

rifiAal >i decoded tstagto utritrery audio decoder, 903. Tho decoded tigmi U fed to towhitrvy HfR 
rait, 9M, where a Bthbajid ii regencmcd. The Ughbaod sJ^jmI Js fai to G» jpcctral whitcnicr? unft 
905, Mhkhpcfforffa the adaptive jpcetrtl wb{?tmnfr Subeoqueotlv, tho tiff** U fed lo tho wvotopo 
30 tdjttitar 906. The output froaa the orvcJcpo xipiitei i» coonWaed with <ho decoded rigaaJ fed Dwoogh l 
deUy. 907. Fttnlrj, tf* dlgvtU output » eoa^xrted back to in irafegoe »-»v«form 90*. 
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CLAIMS 

1. A matnd for t/ihancaacnt of wafca tourw coding cytttna unng M|h-&eq\»eocy jecontfructioa. 

where ct£d cooiMoocfiBgcyttancorapristv 10 cnwder rtpn$attfa>gs&^KQtio(9pQtronDed^wr 

rtanga or trrr.fmim<n r iod a decoder rcpiracriir<s iH epentioro performed ifta tfwiec ox 
J trvBoiaian, tfjanrtrrfttd bjft 

it aid encoder, ertfanattai the teal cJunotv ofcnari^kMliifnltt* tfreatfaD^icd 

it »Jd encoder, csrtoatbj d» rcqrirtd amount oftpoc^trbft«ib(«lt8ivtnUn^iaon^(o 

obtain ■ OTitfbr tooal eharacta liter HFR b aaid decoder, grvo) the HFU-oedicd used bald 

decoder; 

10 tfiraarittfcn faftnratboeB wMiowct of aycctal^w h i H i dfl y **M cocodg.togfd 

deader, 

it ctU decodes, t&iptirtij, tfcctntty -srhifcu « *i jruf poor fcj HJyb ftec^eacyRecaranurttori 
CtLFR) w after HFR, »ttordiaj to fl» tpcctrsl wbitcdifcj fcqftrtratiro ototaed fiwn wid crxotfcr. 

IS 1. A rorffcoJ aococdbg to cltten I, c*«rwUri**d in Oat uld cstia-atioc of the toaai chapter of the 
original b$qq1 b dooo for different fiequeocy rtgtoca. 

3. A method tccordfcj to tUtn 1, cb»nKt/rU«! to flat uid that iiid cstinuHca of tho required 
•mount of spectral vhftrnbg l> dooo for different frcquenoy rtgjoos- 

20 

4. A method rocordtog to cWm t, e^ar»c<«TH*d Id that said nxctrel whHemnj a perCoaried in tht 
tons d ooota. 

5. A method eccorduij toehdm I, eharwterteedhi Oat said rfwotnl wUHacog u pcrferocd in a 
25 ndfeandfttatenk. 

& Ainrtbodaceonitagtoctaioa f, cfcirveter&edtn that and estimation of reg^jfrod oisocknt of fpectra] 
*trittnii\g » ton* by wvpenwo of the torn! to noise ttgnal r*ri w q of difFmirt rubt*cd rfjnjta 
obtained fira wbbaad aHmng of aaid oigfcai sigoal, whew aid ratios arc obtained nring Ibxar 
39 prediction of mid p ihba m l dgoili, 

7. A method according to claim I, ciarattarfatd. lo that tail estimation of required amount of spectral 
whitening it dooo by compauoo of the tonal to DOhc signal ratios q of different rubbaod rtgrafc 
obtained firotn rattan) 6fcertog of Mid origfeiJ aJgnal and • HFR ti&stl, vbert said ratios are 
35 obtained wing raw rredictiw of said avbband riguaJi, and «aid HFR rjg&al iaprodacedto a the aamo 
canner ai (aid HFR b aaid decoder. 

& A method according to claim J, characterised In Oat ffce amount of ipec*a\ whfteoiag a controlled 
by the LPC predk^or order* 

4fl 
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9. A meshed accortScg fa data t, ckiracttrfatd ht Out the maowrt of tpectnl Trhtltobg ti coettDlted 
by (be tuo£*1Ahexpaj!oo fetor <tf 8* UCpoljuocjSaL 

10. A melted Mccrdbg to cbim L tfearaiwktd to tbt fa loJOyntof^wdrU wttfttcdngJa 

1 1. A molhod rccordhj to oliftn 5, cfti/Kiosked la Out prc-fiKerfaa h facrodod fa ti* LPC 
cUaaation in aria to ecapeaote for the chiracimrtic of die fiterbtak BJUlyjb ftltcct. 

10 IJL An Sfptratai for enhancement of judto wraw coding syUenu Bifag hlgb-£roqw=o«r 

rcoocxtrucboo, whsro pSd swrco codiOfl tyrlsja tt*5 v» Uca »a cacodcr tcfxtArxJing *U Opoiticon 
performed prior to sUxigc or tiwsznlssot^ and i d e coder rtjre*ettffag bXJ cpcTitknspafaased after 
ftonge or trtatmfssiai, <£*r*ctextj«l Oy. 

. &I oid encoder, mcras for crturatiag (be tawl cb*j*rta of B3 ort^JreO dp»J et* giTra trior, 

(5 K-d 

•laid encoder, towns forestimsting the reqi&td amount of speoOiti\rhKcnfngtt i ghwi fax*, 
in order to obtain » Hmiiix toaaJ <**x*cter tftw HFX fa nid dewder, grwm Cho HFK.-mtfhod used fa 
n}d d e coder } 

it «id decoder, neu# fee, •diptivcry, speetr*Hy wfatea t rigrol prior to High Preqoouy 
jail encoder. 
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Spectrum of original signal at time tO 




Spectrum of original signal at time tl 
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Fig, 2 
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Spectmm of output using HFR without the present 
invention at time tO 
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Same system as above at time tl 
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Fig. 3 
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Spectrum of output using HFR with the present invention 
at time tO 




Same system as above at time tl 




Fig. 4 
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Worst case signal, spectrum FFT size = 4096 




Frequency [kHz] 
Fig. 5 a 
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Autocorrelation of the lowband (zero lag « 2048) 
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Autocorrelation of the highband (zero lag =» 2048) 
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Tonal to noise ratio 
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